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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a growth 
method for a nitride semiconductor wherein such 
nitride semiconductor substrate is provided as, when 
a device structure is formed with a nitride 
semiconductor as a substrate, no chipping or cracking 
occurs with the substrate even if a resonance 
surface is formed by beveling, for better life 
characteristics while dislocation is so reduced as to 
improve reliability of an element at actual use, and to 
provide a nitride semiconductor element which is 
excellent in such element characteristics as life 
characteristics with the one provided by that growth 
method for nitride the semiconductor as a substrate. 
SOLUTION: A first nitride semiconductor 2 is grown 
on a nitride semiconductor substrate 1 by such 
method as dislocation is reduced by using the lateral 
growth of a nitride semiconductor (method for forming 
a first protective film 1 1 or first rough 1 3). A device 
structure is formed to grow a nitride semiconductor 
element on the first nitride semiconductor 2 thus provided. 
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*3I*SS©< 1-100>, <10-10 >SlU< 0 

1 - 1 oxo^-rti^MWi^ncmoxw-nyjfiittj: 
zx'x.cBfS.ttitcxbvjfftmxiib'), so. mi 

©X^f-C^REStxSm 1 ©«SI^I3Z.«m 1 W4W 
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£&*J:Mcff5j£;*ftTt>££. mm^mitam-fift 
©(&£# J: «5 ffijiS ft^^¥##S«©$fcft£<£i!£Tf- 
*©tc»£ U>£*&c. m l ©x*n?^M$J¥«<*g« 

[00201CCT, SI ©^IS^i'^Jf^-T SRttc 

«. wcm2©#si^&£i*ifc£3ft-ci,>-5#. gfbfj 
te-oxmioummztim-rz. ccDjz^icmazr^c io 

£(c<fc9. ffn©GP5^M£m2©£SR 1© 
«»Ki^2©Baei > mi©G30£m2©ffig)g. Ktl 

©naci£?fr 2 (owcim^ti-etimitmmm&vMm-t) 

lnlicW£&-S. Syc^-';x>7— ->a>7-7 ? vm 

WJ7 7i) *5^b^¥^ft©Miiii^rsiKa@:t^5 

x« £ m 2 ©xn-em > ens ^SM-Mao^tf 
©x f ^ ^ ?•»«£ LxBimm-cbz. 
[0 02 M *^cc*j^r. ±te##pj©g{b 

^«{*©JSS^rffi«:j;0f#6n.£»Kfir©<S^3n/t^ 20 
fb^SStt <^{b©¥^f*set£mi©^b^ill{*£ 
frhtek) zm&tLX. C©S&_tfc. 4>fc<£fcn 

M^fb^j^tt, jgtt®. RVp$mit®¥m#*m-r 
s f 5 ; w ^#>t*^^ $ nr at £ £ . i^Mtttfc £©sr 
^#tt*«^»*fiib«i^i*sfi^*4i«-r *c £#-c* 

7BVi<Dm 1 ©GSSMXtt* h ^ A y'BVXDm 
1 ©OflCi©. Xh7-/ ^iSjCCTfficj&ifcS ftfc 'J ? 

j£K©x h -5 >r m-r z> £ . ^b«j^f*»«©Mtt 

^laifciiiS^ffi-CW^Patc^oaJf^^ffit^©^*!®^ 30 

t>. *fcwc. «mi«:«}c>r. y 

* ^JBtt©* |- ^ mi©^)g©±gP. XiiSB 

lCIHflCGgglSigBKl^Sn-Ct^t^ tfte>©S|S# 

team i ©^{b^^(*©^ffir©«(4*ss*>^*< ft 
£«isjai*£fctf>. SH^s^btfRfritSft, s^isi*© 

[0022] *^Ktel>t, ^©^©cti©T> F 

- :/£{*. mmm^mm^^-y'L^xjfmbtcm 

£i*U «S-r4H*^©^F*B®l©ffitjc. J0K*4Xtt£SS 40 
[0023] 

[»ib<c«*©»«] limes i - 5 *»i»r**w* 
i^ifflK^-rs. £-riai u> ~ U) «. #26w© 

W bf)*«f*©^*rfficc J: «3 ft £ ft £ W ^ 
^■rS/ta?)©8«©^W»rffi0*^b-CC^„ C© 

s i zm^x. #&«©» 1 ©ii4*t zmtmmm 
{^(owL^m^mn-ri,. 50 
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[0024] *wnv>mm*m#<r>i&gaimte. m 1 

©igtctD, &{MaM£a£#»g 1 ±jc. Mfb^iift 

©^(aJ©^g4flJfflLr«{4©ffi«$ftS^ (mi 

©Xg©ELOGfiSS) (c^fp. ifefii©<g«3ftfcmi 
©M»^tt2^5Ci*st#S. SlCISKfc 
mi©^bWPg#2£/£g3-tt£mi©X*l© 

e LOGgfii or«. m<w»mm&<?>mJifo<Di8,&z 

*<JfflL/-Cftfii*iS^3-l±2,*fer*ftli#K^3ft 

-r. *&Js©t->rft*>©&ii&r. ^b^^#©aj*(fij© 
im <* ft. !£&©<£& awm* ft s i 5 ttrnvm-fh 

ft-5. te{i*Ji'©i -5«:{gfi|-r 4a>tt5£#>-cra&t>j&*. 

Kfit«^{b^**(*©fiSS©*i6j{c?s tefg-r affifa 

*) . g{b^4^tt©lf #lSl©l5;g*M!ijl 3 ft £ £ ^ 

tce»b{c< < )&s^[Si*i*^isftfts 0 ^©j&m. 
fefit©®jiS5ftfcm 1 ©^BN^s&fcfi&ss-esc £ 

$ S £»$);? ft *„ 
[002 5] Il©Ig©ELOGMiLt«. t£3fc 

^n©/SM©^b«j^»«K*fiKs 3 -e -sfrxgrtf 

ftft-SELOGfiRSfe<i:*fll^-Cfe<t:<. £fc#ttiGBA 

swaaabfcm^ra^p 10-77245. P110-2 

75826. 15 1 0 - 1 1 9 3 7 7. 010-1328 
31. ISJ1 1-37827. IU1 1-37826. 01 
0- 1 4643 l&n<DWmmmK:§Z&2tiXH,>2>E L 
OGRSS^t'^m^CbAJf^S. fib. Cft^©E 
LOGj&fiti. M«S«±-Ctfftftri,^©K*fO. * 

^©m i ©xfi © e l o GfRgi*. wmvwtimm 
fts«±-ctft>ft6**^%^rt,^*5, mmmicft 

[002 6] *^Bj<Dm 1 ©IiOE L O GfiSS©Sf S 

©«SK1 l^fli^S^, X». SfbM^NmSCK: 
m 1 ©CflO 1 3ZBf&VXtf 6ft2». 

c©j: 5 tern i ©ffSM 1 1 *>m i ©ho 1 3 

comimicm i <Dm.ivm*m&- 2 i^ss i±s 
<t . m 1 ©g{b^¥*«:2 ©^sas©c^ft*>©iap§ 
-c. mt®¥m#<Dmjjm<DfS,&icMLx. mvmm 

<*©*^[^©fiSS*5<S3i3ft. «{4*i^b%¥^»©^ 
^(6l©R£S£ft«:^[6j^^fb. WD^iajKjitTl, 
K < < a <3 . -e©^. ltott©iB;^3 ftfcm 1 <DW.it® 
mm# 2 *f#€> C £ -S £ 6 ft -5 . 
[002 7] C©J:5KUT»6ftfcJPl©»t*MN* 

(* 2 as©^i©«£ffiffiK», mi m¥-m&mmm<D 

¥^©K{4ffiStc*tO-C. «« 1/10 0 JUTSfttciK 
iJ>U. *f*L(.»*tt-Ctt. mi©fflb«J*««2©«SD 

(c«^^£^£'e^4*lme>ft^5:< *fc. mi©^b 
^j*5s<* 2 aia©*£tt©#*&te. m 1 ©osais 1 1 ±m 

Xitm 1 ©HCj 1 3©D3S15±gB*i. *©flfe©gftS- (SKSB 



(7) 

11 

ITEM^V-HAU-yfe^X (CD tj;£<D®m 
^c«*S4^24^4ii£^i*^m6ft&<&•S. C©<fc5«c|& 

1 o>mm¥m#2 ©^©etfcmga^-rnra:. m 

-?© <j v v>mk<ox y'zmm-r z> t . si^-©^ 
#tt©^^ftft±*«jt64&s. 1 OfitfbBHNtt* 

2 ©g|ffl©iK{4fgStt. IB 1 ©IgTlTfcft £ E LOG 
J£B©«S«:4> ^©igfiffiSi LtB 1 x i io 
0 5 <l/cm J ii(T« if$U^-C«lxlOWc 
m'tTF. J;t)»*L/t^fr-C« 1 x l o 3 <@/cm J JJ( 

tfs& i ©coo i 3©DflgB±gq©^&«. ^3S4^4'me>tt 

&<fc-Sflg(6]#*£. gfci&g|5±g|5. RtfSS 1 ©DUCi 1 
3©OS»±g|5<D^{4ffia«, lxiO'li/cm'OT. 
IF* IA>*#-C» 1 x l OWcm'HT, <fcD!ff*U 
^ZkttXlt 1 x 1 0 s <l/c m'OTittS. *fEBJ!K:*s 
l>t, te(4?ES©a'J5£«. aiTEMXBCLfWf) 
l$g-f&. 20 
[0 028] &~RC E L O GtftfktififH 1 ©<55^Jg 1 1 £ 

ffl^rtffcnsj©^*, m©iseii 3^mi&oxnt> 

ft-Sti^©. -£*veft©— SHfe©^KJ:0^6nsg 

^«it*^ts-r .ss«©«s;^»fffist?*^0 1 
(a) ~ (d) ^fflc^-cse.tctfiffltcittHj-r*., hi 
(a)-(c)B»l ©gssjk i i zm^xft?&mx 
*•). si (d> ami coma 1 3^mis.cxn^mm 
•e$>z. g/c. i i©ssn lzm^zmmrc. ma 

BfS.Lxtf'imstLxvLTia&wrz. *-rmi 

( a ) tt. gfb^JSttStS 1 ±dcm 1 ©«SM 1 1 £ 
JfcJ8 L . C <D&fm±K.m 1 ©^{fcgj^igt* 2 s 

•ttrtt*«s»ilKHiar**. 01 (b) «. mftom 

km 1 ©&sjg 1 1 zmmu, c <mtiffi±tcm 1 ©g 
itmimmzm&ziixtczmiimmmmx&z. m 
1 <c) «. mt»*m#mKiKmatmtAL. c© 
dSB±SB{c©*sr 1 ©«aie 1 c©^h 40 

±(C» 1 ©g{bt&¥igf*2 Tfc*£S5$fi#r® 
01 ( d ) (i. ^k1*i*«ft»te 1 (cm 1 © 
ma 1 3 £jf5j$u c©jgRsaB±«:m 1 v>mt®*mw 
2ZtfL&$Mxtfiz > m£mmmmx3bz> a m\ (d) x 

[0 02 9] ±IBELOGR£SCCj:»3f#e>*i.5mi©a 
i*G a N^6%-5^t^«ft:-r4>^„ IB 1 ©g<M»¥ 

m#2it, T^Y-y'xb^timZY-y'Ztxxb*. 

t->. T>K-:/r**4|&§itt©.£-C#*l/<. SfcE 50 
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LOG^S©B8«:pS^iK^ (B e. Zn, Mn, Cr 
MMk) . S^niW*) (S i, GeRtfSn) © 

orn* i a«±. k « P wxwfawpu < 4 

«±4n^^1fc©^&< 4 4> 1«J£LL. SfcSf*L< 
«M g 4 S i 4 * H - r/f 5 4 . g{b^¥a£#©8t;£|SJ 
©J*Xfi#{£iI<?ft. <f£{4©{^&tf£|S||g6£©R*±©* 
-C#£IA>. W^OK-^iiLTB, S?*L<ttl 
xiO'Vci'^lxiOVcm', <t0*fSL<« 
lxlO'Vcm'-lxlO'Vcm', H«ejff*b< 
ttSxiO'Vcm^SxlO'Vcni'm. ^*fi 
^©iga*5±IHffiffl-c*S £g{b*Ki£<*©Si;fri6j©jK 

^©ffPSIlR^Sg©^©^© *-C« : * I, I >„ pI7 
*BB9 4 n mPffifat £ K — P5^©jftK© 
fO#±ie®ffl© F - :/« 4 ft 5 J: 5 (C^g^ L, r F - 
^3ti5. C©«^pM^*B^4nM^*B^J©?5@[©it 

it^t-si^tcjagpssns. si©Mft* 

^f*2«:nmg?r^ir-S«^K:«, n^*egj*K- 

^. nS!^F*B^4p^M^©K-^«*illE-rS < , 
[0030]$I <Dmt®)¥mW 2 ©Mi¥4 L/T «, !Rf 

0. iDW*O<«10tfm-35(imt*5„ Sfll © 

^k^¥«* 2 <Dmm&±izmwxib z> 4 . 

1 «cj^fis$n/ts 1 ©«sim 1 i^si <oma 1 
3 tag. *> c 4 &xs . ^{k«j*«f*»« 1 ©*h 

©KtMBSJ: 0 ^ 1 ©^{bfj^ft 2 ©a®©f£&ffi® 
/»^>&<fe»). M(cmi©^{k^)^!»2©affi©^ 
^F«:m 1 ©«sm 1 1 ±sm^m 1 ©iaei 1 3 

©Dfla5±gP{C{Jt54^4'fefii*^m6tl!^c< ^tS. 
[0031 1 01 (a)~(c)CD®l ©ffi^M 1 1 © 

*L-<. W*.«ffiMt*Y5R (S i O.) . mtTAik 
(Si.N,). ttft^»> ( T i Ox ) . Mfb^JWsi<=- 
■?A (ZfO.) 3P©IMb<Bj. ^b«). Jfcche,©? 

g)S©ffe, 1200 •cw±©®u^*wrs^)i^*ffl^ 

5ci^t4. cn6©«SM*W«. ^{b^¥ij|i* 

©fiSg®S6 0 o*c~ 1 100 •c©as(c4,w^, ^© 
4Wbrc»s. «S«*t*4*^b«}*j»f**li«:ji5fiR-r 

[0032] *-T. 01(a) ©ig£©S& 1 1 

1 1 «ft{b«MMMM i ±{c8i5^w <a»?e«j) tc^js 
f^tcii. y*bvvi/7yi-ffiti*m<<>x. mfe<D 
Xmim-rZ?* b-rXirZitmC *<D?*WXi> 
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mv&mrzm 1 ©««& 1 1 *^-c* sn ©<s 

SMI ltD^«^K^t,©t?tt^<. MX.tXF 9 

k xh^-f^". »&@#©0tK©i>-rna>©j&t*. 
$ l < «x h ^ a -KDmKifimtfhinz. m 1 ©<?&)§ 

[ o o 3 3 ) m 1 ©<SSM 1 1 tt. SSI ©SSM 

1 1 *j^3ti-c(,^«c(,^» (^gp> ommmjiQXz io 

<fca<fcMt. n©§gli i©3lffilS£iSgL--cff2 

fastis ct*mtn,\ mi<Dmmmi lommmR 
&&m<D$kwm®wimz. m&moimmc * x *>#i>tr 

[0034)11 ©&SSK 1 1 ©*£ 31*. #{CE^§ 

Xh7-r^itltt0. 5~100/im. <fcf)jlf*K(Jl 
wm~5 0 urn. HlcJff£L< «2~2 5 «m-C&£. 20 

(Sfll©G5gJ&l 
•CI,>fel^§|J(Z)itI) W\ X h^-^I^ fc!^<-rSC 

«0. l~3*tm. iO« ! *t/<BO. 8~2/zm-Cab 

[0 035] ±te©j: 5cc. jg i ©&gjs i i (D&wrn 

fg{i©ejf^ JSl©<5$SJll HCcfc 
?&l©«gKl l±gP©^l©^lfc^^2©« 30 

mmm <.mffifrh$mtt&) ©is<i©{i<!:A,£-ji6n& 

[oo36]*fc, 51 ©&BOi 1 1 <DWkm\z, fticm. 
&©4>fc<,>is 1 omit®i¥mft2 *m ens^a** 0 

#£L<. fl=i*fi<J(c««SM©»®«;4>^3n«»*5W 
*«0. 0 1-5/imTftD, *f*C<{*0. 02~3 
umX$>*), J^iffSKlSO. 05~2tfmtW. 40 
C ©36B-C* * £ &{4©^£fr©^£iyif Cc^itr i* 

mL^umx^st^K., mi(Dmtm¥m#2<Dmm 

ummottmc mm*m< or*>t->^-ju 
^©nst?e>3W^c^wn«. mvmmmzt', mm 
mxm i ©m^*ai#2 a^g^ia^ c tw-czffi 

StK©JB 1 ©§f{b«5*«(* 2 £f#*tc «*f * 
[0 037] ifctC. 0 ( b ) IOtsT «fc JfH ©Iff 

gBJSSPieigiJigPK:^ i ©&as l l Z&)&tZ>m£<x. 50 
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[0038] mm*m*mwi 1 KiH£i©j&t#*is:w-*> 
■mat bxit. mmtmtmm. 1 sr-as^ax*) m<c 
i#-e$s;^r&tt«i>m©;^r mi* 

x»,*>ytc«fci)> g{bg}¥ig#*1£ 1 

tcgp^w mum) icwazBmtzm&K. y*t<j 

[0039] itc. mt<m¥m&mm 1 tc. iaei©^w 
*x * > ^ccrtT^*i^©i ^> if^mt i/ttt, 

■)l7hl-;f>y, K^^x-^9 : >i/^©^ftAi* 

*>x-^^>^ (R I E) . Sl&tt^+>t:'-Ax^^ 
>y (R I BE) . S^t-/fB hD>i7?>y (E 
CR) , ^*>t-Ax i ,^>i/^©igg*J*l3 > t»T 

ti*>xy^>^^^iig:jiiR-r$ci«cj:«3. mtm 

(CttJBj|l,fc^PaT8 - 1 7 8 0 3-g4HUBtt<D&{b*tf£ 
3W*©^W* x » ^ > 4Ci*s?SS„ 
[0 04 0] Xy5^>i/{cj:o-riHfl?r}Kfi£^-S 
x 01(b) J: 5 <c'ttfb«f 

/c^-Cfc«fcl». 01 (b) ©J^tCMOOdhgBigBi 

Dasisjsgpscm i ©rsiis 1 1 *Bf&-?z>m£. mmm 
*m*-vmttx-3b& t . Gaa$&g&*£Uf?(cs& 1 ©«a^ 
1 1 x-m>m< s hicw&®m<»mmimtmz0k 

&K.m3il>m<teO!tf*UKK 01(b) ©J#^ v EL 

icm i <D&mm 1 1 mwsm<o^h^ 1 © 

^b«5¥^2?rfiRg3-ti--5fc©r*.5. C©<t^!&fiX 

[0041] s 01 ( b ) ©tg^©mei©^. o 

*»3iaSI5©gilS'^itI^«co^rWT«:^-ro HSP©a5§ 

^{cK^Sti^tC^ 5 0 0*>yx ha-At< 
±> W*b<«0. 5-5/imSa-C*5. OflSP©aiS 

^b«5*»(*2©affi*^M«CC^(?ac>. D304^h7 

^^«©^«<b-r.5.js^ x YvA-jomxtXyx, m 
^£a^±smmitma^mmbfj:^m^(Dm 1 ©#& 
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c o o 4 2 ] m i ©fisaoi 1 1 *casBfiSPieigp±gi5k: 
m&± lx ». eaasr^-rs^ia^x 

*is#-?2>ct~cwaom&zBi$fr2>. m^xwa* io 
iiSi/^t^dis i ±. r> m i ©&s^ i 
i±Rvwmmmf<£micm£m>im*j&i3LL. cf, 

iO,^K«t5 F^x*^>*k:J:*k gfb^^ 
ft&C 1 ©!ggi5{8J®©ffiSM£x ? ?>^or^*UB3 
§WMffi£&ffl3 -t* 01(b) (c^rT J: 9 cc» 1 o«S 

mi l&eg^s^aauh^jBtitrs. c©=t5tc^ 
o-rs&. mcnsi (b)-c«. ikd^hi ia 
— Hi uria^s n-cc>-5*s. oa&httoft i omam 
i i±«cji«:«a)S*j^3n2)B©»aBe36*a)B3n 

U^tt»Ki4ntl,>4. CC-CB3g|5JSg|5K:mi©S 20 

mm\ i«mrr&ttic. ast^om 1 <omm 1 1 

*K9NKr>'C0>&. dgB±a5<biaSPlSg|5<tK:|5lB#(cffiSI 

[0043] ^CC, y^s/v^paattgA-f-SNfe. 

mtwtmvmm. 1 *±u*»6 s/>y • v-x&it 

^»#S« 1 KE0£i**&£U -€■©&. -£©±{c£gg 
CF.iO,*'x«:J:l,K7-fi^>J/«c 
J; 0 0agBffiiJffi3WSW 3 ft -5 «fc 5 x v * > y (c 

j:*)m3k-tzc±-cmm<DnmRv&m.tcm 1 ©ssk 

1 1 £7fcJ&-f -So 30 
[0044] Caa©Ogp±gp<bIHgBJgg|5K:^$ti€>^ 

i©«a^i i ommit. tKKsn^o*!. ponsm 
iaajfflijffl©«gi)@i!tf4*^L/rwH?:sai-r s c <t© 

2>Ctim*H\ ffll©G(5&®l l©M/¥«. 

m i coaut&mt* 2 tfffi£ft Ccj&S 0 =g I > J: 5 k^e- 

flaj±gB©m 1 wmmm 1 i©igjs#gifc^Tfc<u>. 

[0045] 01 (b) ©i§^©ELOGfi£glc«J:£JS 40 
l©^b^*^2©«^^|»HJ^S. *-r. ffu©& 
09S1 i ©^snri^j:^sm$nr^.5Basi5fflils*> 

<Dmim¥m#2Dm$im2wm 1 <D&mm 1 1 *S5 

J:5K:«£L&#i6JiSS4«W. ^l©^ajgl l<fc« 

^cwstc^g-rst. Sfii©&g9ii i±«cat^isj 
tcfiSSL-c. s& i ournm i i 01 < b > to?* 

T<fc 5 ft* 1 ©g{b!j3j¥«#2 *j£S3 ii* C t 

a. coELOGESgcjafir. mmmit®&m#<D so 
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«^Fi6]©s£S<!:^K:«^r6]«:e*frs©-c, WttiftlCfc 

mt %>m.®.ifi®.m mi <oss.wmm» 2 <mww& 

[0046] *K. 01(c) (C^kT^K:, S(t^J* 

1 KBfc2tifcwava®±. : 8M>&<icm 1 ©« 
ism 1 1 wfci&ztizm&itc-o^Tit/m-rz. com 
^. iaei©»)iS©*ffi«±fB©0 i(b) (Dm&tmwk 

[ 0 0 4 7 ] 0 1 ( c ) Kfrrt <fc 5K. atfb«l¥«{*S 
« 1 ©DflgPffliJHiCflglSJSgB^gDjtgJfeEi LT&W3 
ti. Ci»±fflHctt. Sfll©£ggMl 1 jWBjfcStuMli 

1 (ommmmw 2 £j$s 3 -t* * <t . asm 
^i©«sjsi 1 jzicmtimtt&LmLm 1 ©«si^ 

^bW¥3Stf*r*0. 01(c) jc^-r<fc^fc. J¥)g© 
*l©Sfb!fe*^2*W6nS. ^?»ti-5^1©S[<b 
«J*«<* 2 tt. JJB i P)««:^{4©e»*5m«F{c fflHH § 

[ 0 0 4 8 ] 0 1 ( c ) {c^-rBospjegpfcm 1 oemm 

1 ©CaSWBIffi-C©Sib«9*3l»©RRS#i. 03 

$ti-cc»&. mimtzmi ( c ) ©Hia©jBtti lx 

its »* b < BDaSP«0©MbigJ*»tt3S« 1 ©PJB© 
S3 [0 1 ( c ) ©d ] i. 03aJ©P8PSI5©ifi [0 1 
(c) ©w] 48«Bl/-C»fiS3n-C&S4>©. <fc0ltfS 

l<«. mei©ff^*s. »H53nfc^b®»*9W*s«i 

©Cfl8Pffliffi©S3 (d) i!Hgp©l3Pg|5©ipI (w) <t© 
w/d*i. 0<w/d^5> M(C*f*O<«0< 
w/d^3. ^*>»*L<«0<w/d^ l^TTn^-J:^ 
CCiSl^L,r^fi£3n'Cl»-5)<!:. (SSitaSr&W&cn^ h 
n-JU-cftOftWNUVflM l ©D38UfllJffi*>^©«ES* 
<£ 0 fiatT?# . Dflgpjg3P*> e©^{b^*«(*©fi5cS«r* 

k t ^ < *) . $x&<D'j>tj;^m 1 ©^{ m*mw 2 

[ 0 0 4 9 3 0fiS3tlfc|MIQ©OgP±^«:^fiS3 
n^^l©«S^l 1 ©ff$BSH©fl5t»i«. #KSS5£3*i 
Millt ±l2w/d©M^(CJinA-CII(C. D30 

«^fiS3nfc2<b^*aw*«R 1 *_h*»6jafc»«*»5 
^.«iaei4^h7^7'«©)i5tti-ritg^. *h5-f7- 

2 0*x m> ZhvJ^Wm (DQd8©P3PpP) %2~5 (i 
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mi LTfeJ:!,*. 

[0050] 01(d) UZm-tZ *> Ct. mi ©G3 

a i 3 z&m-r z<o&xm i commm i i ^mur^ 
mstc-o^-asiwr 01(d) om 1 ©mo 1 3 © 

^©^ffiil/Ttt. ±fe©01 (b) . (c) ©MO 

■cAs. {ml. 01 (d) (om^imtm^mLxtj: 

-r, x.-»?>if< l c<i:K>mi<jywai 3*Bm-rzm£. 10 
7* M vy5 7^-&ffi&cteW£®*©ff£tK©-7Xi' 

^it, >f Lxwazmmkic. osp-Lsb©:? 
* hvx f *u 3ri©iaoi 3©**^t«j¥ 
Ji(*Sfi?icc^-r-5c<t*i-c#2.„ */t. 

"CtT 5*§^«> x », * > ;?©*§^© J: ^K^+hvX? 
SrfflOftt,*©-^ ±1201 (b) ^£mi£{CIHd!i£0(£ 

rzct&xzz. 20 
[ 0 0 5 1 j m 1 ©nao 1 3©^«. ^ cc^sn 

-f. ±iB01 (b) ^ (c) iPHffc:. ^>?J*tj:m 

F» htKt?©J&tfcW 

Jg 1 ©BflO 1 3 ©JfctK©i>- -/X. DflgiJJfJffl<Dg3 

ftoa*. 4>ft< t^mwHx^m-fm^wdmut 
n. nagi5P§ne»*^J¥iSK:^«-r€,^i©^t^¥^ 

Sg3ftTI,>-5C SSl©E301 3©j£tfr& 

*w:x h^-T^ipI (Ogii±gB©*I) £3~20tfm. X 
h^-^^pg (DaSB®Si5©iB) £3~2 0 MmOi©* 
0fiW£C MSraP^^S-r-S^l© 
g<M2j¥iS#2©a5#££<-<rStCtt. D3gpjggp©ifI5r 

©J: >>IC-? Z±ft<iL<Dim2tltc8!lft&&< ?Z>Ct& 
D3gBJggB©itl«:Ji:< L/cJg^tCtt. MSS©^ 
ZCttf. IHg|5J£gp*^fi5ES^-5»pJtei4©4) 40 

t o o 5 2 ] 0 1 ( d ) ©»■£. m i <Dmmmm-2 
«. is i ©mo 1 3 ©dap±gi5so*iaapjg§p*^fiSs* 

Gfl^J&^a>6©*^fa*>6©*a:frfi©J&g(c 

casprtsp-cwffi^ 6 j&g t, /c <t> o . e. © 
B£A,<i:'ji6*ift<ft-&. -n. o8fs±3B*>e>fi£g-r£ 

Sfn©gfM0NUg(*2tt. tit#fa©t£fi<!:< DflSP^PSP 
&C[Dj5©;m6]©J8g£T£ffiF6l#&-2>. C©tt£#(S]©J& 50 
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fMsn^Misi****., *©ass. oas±gp©ifn ©M<b 
®¥m*2i>mmmm2tiz. ttcmi (d)©*§ 
^, c^lSl5±SlJ«:tts^:^^^teC^*iB6n^c^i*i > osiLt 
gp(c«^ (wa«^^«j*«^»« i ©istif&fi^s 

ensro-c. Baa5Pipgp©±gpK: y ? s^kox h 

«. 01 ( d ) X<D E L O G0cg£Ht 1 ©Mb^^i* 
2±(CW0fTC». ^©*§£. ^b«J*^t<*S« 1 ±(C0 

m» 2 ±(cmo*^BS-r s c i &m.o.ox&m(D&xB s 

LI*. 

[0053]$fc, 01 (a), (b). (c)OEL 
OG«S©t|^fe, Iff l©g<M^»#2±K:?ftfEL 
OGl£B;*t»-t*>«U\ > SO*ELOGfiRS^--S»^. if 
fc%^S)g©fl5fiSfiigil/-CW > ^l©^b^«»2 
©SlH{c&<4#giftTt,>**&£{ctt, -e©su». m 
tf. ^l©ffiSMl lOBf&2ftXl.>rj:^m&±fflDgk 

mm. tcff^-rsi^fit©<g!^©*-t?jif*t>c^ c©«t 

^JttELOGf!Sg©^0iIL/«. 2®&±n->XbJ; 
lEffitt. ELOG^S^OiSO-C^f^CiKJ; 

[oo54]^i ©xstctec^r. jb 1 omm^mw 

OVPE (W*&£Jiim*a&ga) . HVPE O^-iYv 

-< . mb e (*H4tif* *->-&) . 

MOCVD (WIS^SI^b^^tBfiESte) ttfbtt¥* 

^fiSSS •a-*©«c»i e>n-cc> 6^r©^*3afflr # 

«MOC V D)S4fflC^<!:^SjS^3> h U-Jl>Lg 
$!Tc)^il*5 5 0m mttT-CliH V P E -CtiJ&SSg 

[0055] ±mm 1 ©xft-c»6n.5^b^»i*s 

« 1 tm 1 ©^b^¥^2^e.^^T : ^''(xl«5S*^ 

1 1 ±spr^ 1 ©nflCi 1 3©lHISp±g|J{cw^3;i^^m 

6ftfc<fc«). ^©^^tt^lfiJiTlfS,, Mtc. ^ 

^^^©M^isjtcssM.-csafc^ga-rstmw^ 

L- < < #S * 0 ©fi± oT^ i ft -5 . 
[0056] */cMtC> 01 (a) . (b) . <c)R 
V ( d) (CfcW^lg 1 ©#gag 1 1 ROW 1 ©HOI 3 
B. WW^h^^^TioT, C©^h5-f 
rtWMbflMHM&K 1 ©MW^ifii. < 1 - 1 0 0 >. 
< 1 0 - 1 0 >Rt>'< 0 1-10 ><D^-rtifr<DhMJS 

micttbxwfTifiiicBf&stix^zt. mvtotmw 
©lt*isj©fiJcS*ffiji-c#fe{4©«i*jqi*ij-rs©«cjff 
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fc<fc5K«<^£«{ibtfm6ftft<ft&C£a>£. Ctl 

6©&<i©«<i^ji6*ift(,>SB#tc. ?vmx.<ox 
m^m&mw. i ©mw#i«i<cskcci$h-9- -sc <t#-c 

^ftgtffitfrDiftiiffijWfe.ftlJ < ft OJffg LlK 
[0 05 7] #CC. f l©Ig©ELOG|(S(Cj:f)^ 
1 ©Mb1&*SS{* 2 *j£g ;* it -5 fc«>©Ig<b13j¥igf*g 10 

seiio-ct*. ^icressnfti,^. miomm* 

i, m i ©xit-c® enssi i ©^t©¥«»2 ©&& 
«MfMwts« lilt, mi <omtvi¥m&zf£&$i£ 

«1 0»/cm 5 J^T-C*-S4>O»iplf e.n^„ ^{4mS 20 
tfLkiBJSHT* £ <h . Mb«J*3l(tS«±(C ELOGsJ 
StCct *) l£A3 ttSft 1 <DSHb*ftgMt2 ©ISft^ffiM 
3 -tf ■£©«:#* ll>„ *fc. *£&#t>i>ftl»£, 1$5JIlft3£ 

siothimhhhhi uit, » * l< tifltnws o 

meq-1 0 0 0 Aim-C&D. b< 1*8 0 wm- 

50 0um-C*S. C©<fc5ftKJ5-C*&£. Sfb«J* 

Ttt, !&K:PR5£;**iftl>*5. GaN«fc9ftS£lt13j¥i» 30 

mtwrn>ti&. iftlMmsi n*. t>f-^-c 

SlKnlltiBWSJWlcB. MHHmpftsg 1 

«CT4. ttfbfMMMHMR 1 ©«Ufc©£ft>&» 

[0058] **W!tc*it,>-c. afHMNMHMt l ©B 
^il/TB, tt(CR£3tiftl>*s. gfbtM&Sf*© 

L<«^2~»5©I?iK:J:0#6*i-Sd>%< ifcS3 

©jwtw^iWROfflr 4 ©Mb«j^N»<**wr-6S«* 

f9*«&#>9Cf6ft*. *WWR*l!ft*-r4IIK<:» rt» 

[0059] **W©S<b«N£ji(*S« l IS3©g 
f tiHMNWtTft 5 i ig<a©iK& 3 n/c*§Htt©ftjffftg so 
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<himis*#»r 1 1 & s©-c. * 1 <Dmtm¥m&2 © 

i6tft©<gjl^tflggtt©fc±©jS-C#S LI*. ft 
* b«J*«»S« 1 #18 3 RVW 4 ©g<b%¥3|{*r* * 

S*^f«Ctf^.^-C»*L-l>. *5©XHf«e. 
»3©»b«MN«*©l»*iB«*>6«F«l/r. ttfb«Mf£ 
i<*St 1 41 40Sftftf«(*©* i 1 1 i J: < , 0 
4©»ttt**W*©*a>i5ttSi. S3tSI4(DSfta 

&X?4H£NRt»- pJtlfcfe©* SMi2«©MH£l£3;-C 
#-5©T. *?«14©|fti:©jS'C# * H>. 
[0060] 2 ~0 5 £/BC>r . S& 2 ©XH*> 

6>B(cittBj-r-5. S2©iitt, 02K7jvr<fc5K:. g 

<b1fc¥^*£flft £1**4<fc 0 ft S H«g« 2 1 ±{CfiRS 
ilK* 1 0 um/nmiikTO. 5 Mm/^JiLh-C. g 

{b^*^©^^[sj©ess^fijffl oifsffirofiasns^f 
ft (S2 0I10ELOG^S) t,c£*)m2<Dmimm 

^»2 2*fiss^-ttsig-c*.s„ ±.§sm2<Dmmm 

«{*2 2*fi£S3-a--SfiXg3ltt«. ±IB©J:^(C1 0 ju 
m/WTO. 5)ini/WHl, W*0<«7*tm 
/BtRBfcJT 1 ju m/^ra«±> «fc»?*f*b<«5/Ltm/ 
WT1. 5 ium/B#raJW±-C*^. fiSSiiiS*i±ie 
«Bfflr*-5i. H2©Xg©ELOGfiES©K(c. I£<4 

©earefiMFKjqwrc*. $tcm2<Dmm¥mw2 2 
vmrnzmmt s©(cws c©i: ^ftBSsme* 

Wr^(*Wft^S*ftiL-r. ^tfMOCVD*if 

[006 1 ] S2©ilK:tei>t, MaS«2 1 tit 
«. g<b^¥^«:<!;Mft-S«f4J;0ft-5S«-C*n«<i:* 
©^•5ft*>©-C*>^< . m«> Cffi> RtB. X«Affi 
%iIi1-4t7r-Y7, Xt^;KMgAl,O,)0 
<t^ftiffii^ttS«. SiC (6H. 4H. 3C4t 
t?). ZnS. ZnO. GaAs, Si. RVmitm¥- 

MiSS©lS*«* 7 T > 5 nt t » * t jtK&aiJ: 0 

^ft<ft^„ 

[0062] n2<Dmvfo%m&.2 2 «t 4$tcn 

5£3ttftU*». GaNiOftSM^WiffSl/ 
C^o ^2©g{b^#««:2 2B. r> F-^t? 

4. W»4 K-^Sn-Cfe^t,^ ^2©^{b«!)^l(* 

22*5. r>F-^r*4AttStt©^-clif*n>. $ 

It, S2©Ilt©ELOGSKS©IS«: 1 1512^ 1 ©X 
l©ELO GfiSS©tg^ t m&K. , P M^iK^SV/'* 
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2omt®m!M*2 2©jsji«. »«:iKisn-r. 'ptt 
< tbmicommmi i*>ifn©Daoi 3^m^ct(D 
-c% &mrm±.-c*> o . m^mim^mmtbxa. 

»*(/<ttl-50ym, <fcDJff*L<<(*2~4 On 
m. $6tC»*U<{*7~2 0Mm-C*-5). ±IBI5H© 
JSl©&gIgl l^^ftca^ci^ 

[oo63]»2 <Digcc*j(,ir . m 2 <Dm<ve»¥m# 

2 2£f£g3t>--2>f&2©X:fI©E LOG^Iil/t«, 
•5ft#£-C**U*J:t>. mtfft5fe&*0©ELOGJi£g 

^. etcc^iiiggA*saBsu/<:Bjim*«:fe*g©^t®i*!g 

Ottt, ffittflHOT 1 0-77245. 15110-27 
5826. IBJ10-1 19377. ID 1 0 - 1 3 2 8 3 
1, im 1 1-37827. 15] 1 1-37826. 15)10 20 
- 1 4643 l^©^liS^(CieiS$n-Cl».SELO 
G(&fifc E C t&X * i>. 
[0064] ^2©Xg{C*Jl,»~C. ELOGf£g©JM*: 

M<D-mm<oBmt bx^^&^mmm^msti 
ri»**«. mi2B2(cii%-*\ S2©ssii2§fflu 

JjJ2©Eiai 4*Mt^^^lfTS2 
©IgO E L O Gl&g©— »fe©l&§£«T{tift9?-r 

02© (a) - (d) tt. &2©X*ICCteW£. M 
aS«2 1±IC. SS2©<5?SJKl 2X«^2©Eli51 4 
£fflOTfT^ELOGj£g(t£0f#6ft£Sfr2©^b$!j 30 
*5£#2 2^^-T-3«S©^9|-C*^^&!j»f®ll* 
*VT. 0 2 <a) «. ft«Sfiz2 1±K. SM© 

mit®¥m»2 5&ESS3t!\ C©^MJ:CC02©^ 
Ml 2SrSP^(C^fiJEL. Sg2©£gj&l 2£ff?lj£Lfc 
®±ttffl2 ©g[ttB5¥J!«*2 2 SrJ&SStfT ScSgfeSlfl 

k®s-c*s„ 02 (a) t«. #iag«2 Hiicmm 

©^<t^¥«i*2 5*RSSS-ttrt»-S*i. ?5M©g*b^ 
¥*i<*2 5£4TBl/T:t>J:l.>. *fte&©ffi«(©fc«>CC«. 
WNOfiM t«NNttt 2 5 ZBtfitZC tifittfit 0 
2 (b) B. HaSt52 1±{C. MM0gtt8M|£«ft2 40 
5*ffig3t. C©»|g©m*&¥«<*2 5{clH&&ffi* 

sxl- . 0fla5jsa5R^eigi3±giJcc. m 2 ©gskjs 1 2 

fiSb. C©»2©«g|)gl 2£Bi£LtcW±.l l cm2<Dm 

immm*2 2 ^m^-^x^^im.mmmmx^^. 
02 ( C ) «. n«s«2 i±tc. mmvmv&mafr 

2 5 C ©»JS©g{t«J*iStfc 2 5 KEEi* 

JgfiSL. ASU:gMC©<&fS2©Sgagl 2£fi5)8U C 
©±*>e>lfl 2©m«J*«i*2 2 *iag3-t±T&SgS5£ 
ff5Brffi0-C«>* o 0 2 (d) «. 2 1±CC. » 

^©^b«5^i*2 5^gs-ti. c©»jg©g<b«a¥ so 
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^2 5«C^2©IHJtlil 4*J&5$U C©S&2©KI£il 
4 *J&?X L /cM±{cm 2 ©g{t12Na£f*2 2 1* 
-Cft*«5$e<J»rffi0-C*£„ 

[006 5] ±IBJ5)S©^fb^^2 5 £ LT(J. # 

htih. $tcmm(Dm<t®¥m#2SK. r> k-^-c 

6T > F - * l/<r>. WM©Mb^*^2 5 «. 
iS5iS. *tt^«:t**>j9 0 0 *C3IK~ 1 1 0 0 'C. $f£ L 

< « i o 5 o-crsas^2 i iKfiSgsna. mmo 

0 0^>^FP-Atlh, Jf^KBl-lOyml 
ft. <*9»*0<«1~5 jum©^r^Erf£C<!:# 
MgLC>„ ffM©^{b«5¥^2 5©MI?«. ^2©« 
sk 1 2 *>m2 <owa 1 4 *JfM-T Z>tc#><DTt&mt ft 
£©-C. «^Jl^lHifi©^fi!t3 J: K> j&i:P5S£ 5 

■tt**>©-ca>9. ±ia$5B©Miir*s<>:. fm.&hm 

[0066] ifc, ^2©Xg«:*5Cir. 02 (a) (C 

tt^ 3 ft-c MSSS2 i±«c. WK©^b!B»* 
^2 5*fi£S$#^>B>i (»M©Mbt»*gi*2 5*fiS 

JgiLT«. A 1 N, GaN. AlGaN. InGaN 
mt>m^t>ftZ>. Jivl-rmit. 9 0 0'C«T3 0 0*C 
llhOISt, mmO. 5(im-10t>^FO-A 
tffil?li5„ C©J:5K:liIi2 1±tcA77Ti 

^900 'c&cf<DMmxBtf&z>t. mm.mm.2 1 teg 
^xjS3iiin,i>m\cmsm^-tmmmw.2 1 <t©^5£ 

S!^iE*«fnL,m2 ©^{b^*^i*2 2 (DmWfi'ptz < 
[0 06 7] S2©IIKiil,>t, ^2©«S^1 2© 

urn. BWRUD-jxommi*. ±ia0i©ig©^b 
m^mwmm 1 mmztizts 1 ©«ajg 1 1 *m 1 © 

[HOI 3©^^. ff^RUf^-fXfei'ilSlfilT?* 

fiu. jh i e>j:m-eizmt®¥mim& 1 ±tc^ 1 
©«is^ 1 1 xam i ©mei 1 3 zBf&rzviczti, 

r. ^2©XH-C«S«»K2 l±«:fiRS3ti/c»)@(D 

^b«J*jSi*2 5±^(cjf^3ns.^tBS-rs, 

[0 06 8] CC-C. ^2©X^©ELOGRSiSKJ:f3 

n h titcmm^mwmm 1 ±tc. mi <dtmo elo 

Gl£gaimDft&#. mi©Xg©ELOGfiSSt02 
©XflOELOGf&SiW:, m— X-$>W£-?X^X bJz 
C». «*.«. ^2©Xfi©ELOGBXg*S02© (b) 
©*ffir* "3 . » 1 ©Xfi©E L OGfiKg*J0 1 © 
(d)©^ffit?*i. S/cti^2©X@T«02 (a) 
<Df5WX, W 1 ©Xfi#0 1 © ( a ) <D-ftmx3b S^© 

a^©ffi*^*D-y-ctf ortct^,, c©<fc5^c»i©x 

gi S 2 ©1ST© ELO GfiSS©I«tt, $itt©ffi^ 



(13) 

23 

LK:<lM£#ft£'*#fflOTjift;*ft.5. */c Sfll© 
fi«Ml lX«Ml©G3eil3<i:. SB 2 ©«&M 1 2 X 
l>m 2 ©MO 1 4 £ ©ffi*t#aiX I- 5 ^R-C* ■£*§ 

mmi l^miomai 3<b. m2o>jMxmis,2tiz 

X h7-T^0tt©^2CDSSMl 2-?>SB2©Qfl£il 4£ 

©Mfdi*(6j«:*t br^f^isji ft * <fc 5 Jcjf^s n-*> c 

£ IA>„ Jfn©Ig£lfr2©I*ir©G^Mft<!: 10 
#±IB© =fc 5 {£g<t!&¥jg{**& 1 CD 3 ®* -SM«l*[oJ 

©5*>> P)-©M«i*|SitcStorW*|SjK:^RR3nr 
(,>■*>£. mi©XgrELOGfiSS(Cj;i)fi£S3n5» 

[oo69] mm*m#mm 1 *««t5G a n*sh 
«. *j*tf*r*>£©-c t ft&3#ga£ft&3«©Mf<i:fr 

fa©i,>rft*>©;£ftlcW£ftS<fc5K:fil 1 <OTMXX 

■5tl5t. ^{t^^SSl©3«*SMtt^|SjCO 
5*>, P-CMflS^lSKC^fi^Scfc^K:. 3*1 ©IH 

©m© e l o Gjagaiftwi ft i) ^fe©e«$ n^ifi 

tO 07 0] mi©«SJ^X»^l©IHa£. I&2©<$ 

mmxitm 2 ©cna £ nt»#i« 1 ©in— © 

CC*t L X W-ftJift £ ft %> J; 5 {CT £ L X 

«. ^t^^fi«i©s«ss2 im&®&Ltcw 

CL^{c<fcSigCi^©II^K:j:.5£Stefii^*i 30 

* h =y ■< ^mcmms n. c©x h 5 ^ ^©ig{4^^ 
ccje-,rmi©«si^^g£L/c<). xt*+';^>^- 
b >v ^ » v m ( * ? ) 3&5^{b^¥«(*©Miifc 

7?[SlK:giS<t)5:-SJ:^«CL/. C©*',> ?-=>ffi£gig{c 
U m©III£SS2©Xffrra<,>6tt*«gM«>IH£i 

*¥?t#gi©x h 5 ^t^<t u-cjf^-rs. C©«£ 5 
**(*mi©«aaa<!:»2©i!nfl. m©iHA£S82© 

[0 07 1 ] g/c. ffl&LtcJ:5lc, m2<DJMXm^ 
6tx£gffig«2 liim MaS«£ft.&*m©X 

£'*3tifc£tft*m>*&. Office 3 -Xjtm&ififlhin 

micMLxmm.K.&i$,ztixi,>z,t. mitwim&oz 
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pfi 3 k «t 0 asw $ n -s c £ #4>ft < ft «3 n 

[0 0 7 2] HKSfg 1/-CW. (00 0 

DlCCIl^litS^T-f?. (112-0) 

B[Affi]*Xffi£-rsif7T-rr. x« ( 1 1 1 ) 

imttZX^t-bXibZ. CCTlglfi*!, (0 0 
0 1 ) I[CI]4iffiit5D-7 7-f7t*4i#, fj 

sB»^©^{b*5^» 2 5 mtatmz mumm^ma 

©X h^^^tlW. W7t^7© (1 12-0) 
£ [ttfb«n¥*tt<D (10 1-0) [MtS]CC^ff^loKC 

>^©*7#<9 (las^^ra) «#£l<«o. 1 

' -0. 5' . <fc«)fcF*0<«0. 1* ~0. 2' x$> 

[0 07 3] gfc (1 12-0) I[AI]4iIit5 
■^T-fTTNfeSi*. frfBS^-MHfl©^h5^^ 
Mtt-5-©t7 7-f7© (11-02) ffi[RB5]«:*tL- 

*fc(lll) Kilit5^f4-W*5t?, 
feiHi2i©X ^^WBfOXMJl® (110)1 

KtfR®, ^f^.;P© (110) Mtc^b«J*3W**i« 
^|S]fcRSSLB<.^©t?. cti6©®(c^l©mb«J¥3l 

[0074] *mmin.>xmt.>t>ti2>mmmw.2 1 «c 
r©^«jg*^-r^^-y h-fejus-cabs. ch 

ttWh-T r ^T*fflt\ Hfltt-9-7 7-/7Affi 

■rs. S7«xffifflJ©-^7r-rrs«©¥Bia 

f-i's>75 9 h (t'J75) ffi^rAMi L/Tt,>S. 

c©a(C7j\-r «fc ^ (c^gag-^mei©^ h ^ -f 74awc 

z>« m7icm?<k5<<c. -<)-7 7>(Tcm±.K.m.<k®¥m 
&zffiRf$.M:3i}tcm-&. mtmmmmmftxttAffi 
t,cMbx^nuis^xm&b^t<. mmttittxim 

SU«:<C^[6JK:*S < , U-^X AWicKtLxm&fj:^ 
©^b^*«tt*soft jji-, TJjSS b-^-r < ft «) . E L o 

«ftt\ 

[0 07 5] ^CC, AI4iIit5^7 -fTS«* 
ffll^clS^. ±SBC®*iffi<i;TSiS^£lBl«l«:. 

h 9 -/iiii^isi(c»L-c^b^¥«*^s u-^-r^i« 
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[0 07 6] ZtC'Xlc. *f*;l> (Me A l.O.) ICtt 
L-Tfc. Mb^¥&f*©l&Bt*g:frft#* 9 . £{t«J¥ 
«<*©>?XgM* (1 1 Dfil, ( 1 1 

o) mtt&t. mvmmat < 1 1 o> ffitc*tL.t 
Wf^ccsESb-^rt^isi^**. fitor. (ii 
o) ffiic*fi/ceiE:#i6jttxh 5 4-7&&t8inr&ttHt 

m*mwm t mm? z> mit®¥mi*m±&&mm<D±t& 

ToW^T, ^©^Sc^agJISrESg-C^S. fcfcx 10 

[0077]»C *»W©fiR**j*tC*l«,»'C. H3(C 
^-fi^K. 03©X*MTtt. ±iB0 2©X*I©ELO 
GJ&6CC£9»J£$ft/c02©^b^¥3|ftt:2 2±(C. 
J&gjlg* 5 0 0// m/^HWT 1 0 n m/B#fa«Ji 
T. 03©^{fc^ai(*2 3*fi!ES3^ 0 03©X*I 

±tacD«j: 5 k 5 o o n m/nmxr 1 o u m/nmj. 

±. b < it 1 0 0 nm/^reT5 0 // m/B$HJy 
±T4>-S. 03©g{b4!?¥jgtt2 3^S3lfeaS 20 
s6l. ±fB«fflT*££. 03©g{b*&¥ag<*2 3*±IB 
©J£/lKaag;*i**|SSHC. JtSnaStfESit-C*. M5C0 

3®mm¥m&2 sofcgm&zn^ttetjtit&b 

[0 07 8] 03©Xftrj&g;*tt£03©^b ! B3¥ii 
f*2 3<hlyTtt. ISKRBSSft&l,***. G a N*p<=>&-2> 

3©^{bW£«<*2 3 t*. T> K-^-Cfc^iK^* K — 
:/3ft-C*>Ja>*i, T> F-^r&SiilgJitt©*-?*? 30 

[00791S3 <Dm<t®¥m» 2 3 ORWIt, buIB^ 

2<omit®¥m#2 2(omm£*)m<f8.m2ti*>. 03 
(omitm^m»2 3<ommtoxict, waaMstim* 
sa©gi4©xfi-c^< i ^SSS«2 i *mik 
ztitcm. 0 i <Dxm*tf srh^-c 4 xmmzitm-r 

JB>a*H>. 03©g{b«J3O*&2 3©JM* 

ft&JPJIiO-O*. ff$L,<B50tfm-l 000/i 40 
m. J:»3« : *L<«8 0 ym~5 0 0 |imt*5. CCD 
«fc 0 «c«H<Dll«r * 4 & . 0 3 ©^{M$5¥ig{* 234 
£fk«MP*tt£*i 1 i L-fctg^K:, »f«t J: < . *ltX 

[0 08 0] 04{C^-TJ: ; 5{C, 04©X*re 

». 0 3 <DJM-vm 3 oaflftNeaMt 2 3 . 

*0tt<£6JiaS*i2 Ji>&<£fc03© 

Bfb«MNi»2 3 **rr*» 1 ©xar«i«,»6n*mt 

gNPttftSttl iT*. Kl4©ie-C|!tefe3tl*»»4 
fCtt. d>tt< ifcSSS«2 1 *«l^*3tirc>tx«J: 50 
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< . 02©'^7ri, »Jg©gfb1$J¥igtt 2 5. Xtt 
*2©SB»|1 39*WL"C(,»T*>. 9$M(CJ:«JMiID 

¥*&2 2«-CtfE*£3*vCt»&&. 03©3{t$MN§ 
#2 3©SD ©«*© L < . Jg«cfi5fflg±©£ 

PlSBtt©* -50 2 ©£{b«)¥*{* 2 2 
-r*<fc»Pift*JJ:0A»iJ5:S. 04©X*iri& 
*S*l£gitfHt. »|jsxsr©aifptt©u^s^». so 
***«L-c» 03©g{b**££tt©-^*-c*Bfc5SO 
T*>J:t,>„ 03©£*b«»¥i!Stt2 3*>£>»ffiS«2 13* 

ti*. 03©^b«*¥aS&2 3£:01©X*I-C© 

*ffc«*aK*»*l 03©g{M$MNS<*2 
3©S«SK2 l3?£Bfc£L/cffl<U*K*t©ffil:K:01 
©XH© E L O Gl&g£?T 9 . 

[0081] mboxm^m-r^m-^ic-o^xm 
wrz. Bi5«:^-r«t^{c > ±iBm4©xaacc. ^5 

©IlKteUr, 03©^{b«5*«(*2 3©SaS«2 

1 rn^mi: btcwt it^M<Dm±ic. ^siia* 500 

«H**jss*s-as. ai5©xe*irj-*i»&». mi© 
xm-c<Dmt®*m#WR it*. < t tar 3 ©^<b 

[0082] Sfc. *l%W©)3;S^a«c*JI,>t:. 05© 
Mt«T 0 4 OS{bt^« 2 4 £j&gf£(t 

H3©Mfb«J*#*4^*U. 01©Xg-Cffl(,^6tl-5 

mim^-mimfo uit. « 4 ©s^t^j^^f* 2 4 © 

#j&>&ttS*>©*JBlvT:fc«fct>. I5©IiaK. 03 

©M^b^*^» 2 3 L,r . miomiVto^mt* 2 

4©^{C-TS<t. 03i04©gjb^»«:<i:©^Wg» 
LCi. 04©2<t*)*S»»©**01©Xgrfflt,»*S 

^b®*«(*««i t-r*«^. 04©^b^itai»©)g 

[008 3] l4©SM^2 4^Lr«. tttCffi 
5£3n^C>*t. ±iB03©^fc«J*3»«£2 3 tpl«©^ 

©RRSitStt. ±IB©«fc 9 5 0 0 m m/mW&.T 1 0 
wm/B$HtLh-C*»5 , 5ft b < (*±IB03 ©S{b«J* 
3W*2 3*fiRS3«S»^il§Ifilr*4. c©ct^«c^ 
ffiSS 2 1«4lfc»t, f3 ©^<b^¥«» 2 3 © 
fiWffi«C*4©»bW**{*2 4*fiSS3tt*4. 03 
©S{t«f#3W*2 3 ©JgO *5S«3n. 0 1 ©XS-t 5 ^ 
^WXXfit9«£U7(CffX.-&. 04©S{b«J^I 
(*2 4«:(iSS3li-Sict0i^®14*sr6]±U. 04©^b 
«N£9»2 4±(C±E91©X«i«;f?9&. 01©S<b 
«Miatflc2 ©SEtt©fi«RO^Stt©l6l±©^r»* U 
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[0084] mA(omtw=m^2A(ommu, 
n-f . wa <D&itmmfo 2 a ommumwztm. 

•)#£>£©•?, ^3©^t^^»2 3 tm a v>mtm 
mm#2 a vmmo&mi iooou mt<T. *rs l < 

B8 0 0/imaT, W*b<«4 0 0ymJj(T<t)5t:SC 

v < . < <t fc^3 tmA(DmtW)*m»<D 

C>. C©ifi£. SS3©gfb!&)¥ig#2 3©J@JS«. ±13 
OMJlCDffifflrfiO^ 3 <tl&4 (D^b^^<*©M)¥© 
^H-*i 1 0 0 0 u mPJ.Tt J: 5 CCMB3 ft*. 
[0085] &tC. ±iB*^O^b^*^«:©fiKg^ 
&(tJ:9f#8ft6#&BJ©S«±Cc. 7vWxfltiS£0 

*3<M35¥!i<*©««± (MbW^(**«i±{CRSS 
3nfc^l©Sfb!Bl^tt:2±) tc, 4>fc<£4>n§9g 20 

itm^mt*. ^ffii. sofpsi^b^^^wrsT 1 

«CBBes*iftt». «e-^3RT©J^K&i*4>^«c|E 
*i*SS*JKfl[©fi«3nfc|l«FftS«"C*S©"C. 7 s 30 

»t*^6ft-s©T?^b«s*»*©M»*iSi{cSii:&Hr 

[0 08 6] *fc*»98(C*»l,»r. »*H,>mb*MM* 

». >j f t?ffj«©x h?-^^ ±I2SI 1 ©xsr^nx 

3n£X 7BVi<Dm 1 ©&&|g 1 1 Rtfffl 1 ©D3 40 
fll 3©* h5^^*i$KCJPtf{c»JiS3ti. 3 6(cffS 

b<»xh7^ yftwom i ©&ais 1 1 ©«ffiRhsu 

SO'lit 1 ©MO 1 3©EaSP±8P«C}^fiR3tiSCi3Wie^ 
Wtt*W±S**jiS-C»*l/l>. Sl©Ii©ELOG 

sxs©as«: j: o r . mi ommmmw 2 mavw-m 

04EffiftS(C£tt&«*s. fll 1 ©«S)B 1 1 iSBSO'fJ 

1 ©Dflo 1 3 0Qg^flKct*iEtt#R^£A6fttt < 
&sc&*>6. c©as»{c»*««. m«±ie©<fc5 
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<fMf tt©|6]±*l HJfJI i ft S . 
[0 08 7] 

[0 08 8] [WtW 1 ] WFfcH 1 < a > 

m*r> hm a <oimm 2 ~h 4 £#jbd 

[0 08 9] [Wra¥*tttt«l<Dai£] 
(»2©I1) SiS«2 1iU. CB«£B£U 

©^7r-f7iS2 l*MOCVD©Slfc3SSrt{CHrf 
hi/, iS45 10'C(Cl,t, **!/T#*(C*JR. M 
£f# ^K7>t-7iTMG ( h <t 

r@*2 0 0*>W ha-A©MJ?-CfiSS3HtS„ 
[0 09 0] /<^Tiffifi», TMGOMftt, M. 
JK* 1 0 5 0*C*-C±JI3-e\ 1 050TO-5fc6, 
IR^KTMG, T>*-T. S^>#J**/fH>. 7 
> F -:/G a N <fc •) & SftH0tt{t»Migif* 2 5 * 5 a 
mOWreidifiSttS. ^^7TSi«ai©^b^¥3l 
#2 5 &«flMl/ft:4 «ontg|«3!>afb«M£« 
{*2 5©±«CX h^^tK©?* hv^^^l, C 
VD^g(Cj;f)X h^>f^<@l 8 Mm. &giS 2 ju m© S 
iO^Oftif 2©M11240. 5//m©SiJS-C 

Bm-rz. &*f. m2©«siKi 2©^h7-Y7-*iaj« 

1f7 r^r Affiled O-CSiS^lfil. o*»)07^-r 
J:5«:. ^-y^^Mfcjtefu-rsa^rfii-cirs. c© 

coos i ] ®2©«saii 2ij&im&. ^^-^^m 

OCVD©J5J&g&(CgU 1 0 50*C{cr. 
(CTMG. T>*-r, ^9>^^. Cp.Ms (i^i' 
P^>dfyx^-;bv^^i/^A) S iiMe© 

7*6!gj45x l 0"/cm' F-^fcGaN<fcDW 
02©^{b%*«*2 2£MOCVD§SH{Cj:*) 1 5 u 
mWSiS-CfiSSS-ttS. S i £Mg<D*m®< l im2<Dm 

<t®zmi*2 2<DmmtiBim<cv : ---72ti2>. fiu. m 
2 ©^b#»^n*2 2 ©fisgjis«. 3 u m/mmt u 

tc. 

[0092] n^>titcm2 <omt<mtm»2 2©«s% 

CL (#V-K;U5*»; H2>^) {C J: «)Sl^r-5 i. fll 

2©«s«i 2±SR«^3^«^:^^iSS^RS»lm6t^■r. ^ 

SB_hgp« 8 xiO'l/c m 'SatSifJ 3 fttc. ISffifES 

[0 09 3] (flf3©I^) ^«C. »2©^b!KJ^^ 
2 2±tC. 7>F-^©GaNi!i>6*5f 3©Sfbt* 
*^2 3*HVPE^S(CctO 2 0 0 n m©M<l-CfiXg 
3#*. fib. flf3©Sfb^^2 3©l&giI8ftt. 
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5 0 um/Hffflt Ltc 0 

[0 0943 (f&4 ©1*1) . m 3 ®B4btl¥*tt 

2 3£Jt£gf£(c. t7T^7lfi2 1A>e.»2©Ht^ 

f&3 ©g{b^iH*2 4 ©If 7 t -TTSIgft 4'fcBfcfeL 

/c®{c«. ^ ^7^•7'«K:^5^4©^3s<t^<^:^c^ ( igp^^•^ 
®mm#2 4<z>j$sst*> ^micmimm* i x i o 

7 <!/cm J *iffi??fiL-CI,>£„ 10 

[0 09 5] [^»W©S«©»Jg] 

(»1©IS) _kia©SI3©g{t«j¥3Sf*2 3*»6ft-2> 
OfbtMNMmt 1 ±K. *3CDffit«M£*f*2 3©Bfc 
Si©^h5^ ^«©i£fif ^75 ftMb 

1 1 *^3©Slffc«»*aM*2 3©fi&fiBB (RM^ttS 
*f©ffi) K. ±ffi»2©Xig-C^J5SLfcm2©«SBBl 

ztmmcnmtz. m i ©^sk i i *mm&. m i 

©Sfl^¥«*f*2*MOCVDfgHr 1 5 MmWfSJTC 
fSSSlfS. mi©^t^*^it2©^ffi©tefirm^ 20 

1 ©ffi^^ 1 1 ±SB©lfS 1 ©g{b^¥«f* 2 ©StflBfCtt 

[0 09 6] [SSi60«2] J^teW l w:*jc»r. S?i3©i 

ffC)SS^*lS03©^b«J*3l(*2 3 ©«■?£• 1 5 0 
wmiO. Mtcm4©X^{CTBB^5©Xg^iiJia-r 

(?g5©X*I) -*^7r-<rS^^5S3n/c^3©^ 
iW)¥mt*2 3©J&fiffi_hK. y>K-7*©GaN*>6 30 

t£zm4<Dm<m¥m&2 4*. HVPEggKio. 

20 0 wm©Mi5-CRRS3ttS (05). 
[0097] f#6tt/cSfr3©g<b$j¥i*f*2 3 4JB4© 

mt®¥m&2 4*>f!>t£Z>mv®i¥m&mm. 1 ±«c^ 1 

©IS© E L O Gl&g£ £ I* S „ 03 ©^b«j¥ig<* 2 

3 ©^gasc-cm 4 (omimn^mf*. 2 4 $ * * 4 s 
0 wmm zti. mi ©iiro elo Gtss^jfe^ 1 
«t k> mft ft *) . eti©^sf tc{&^ 3 n/c» 1 emua 

[0098] [9EMM3] fe<TCC0 1 (b)Ct^;iftS 40 

f|-tt#^©^*«*«S*4IB*7R-r. (£S2©X 
g*> 5 ©Iltti 2 ~H 5 *#J8D 
[0 09 9] (SS2©X*I> HfflK«2 1 4 Or. 2 -f 

7-f7Sfi2 1 £MOCVD©Sl£Jgg|*JK:-fey h U 
iSS«r5 1 O'CtCLT. * * U T tfXtOkgt Mf**/* 
CCT>*-T4TMG (t-'J^^Wj^A) 4£/B 

t77-(Tif2 UfCGaNJ;D&^<77ri 
(HmSfvCHfti,*) *m20 0*>#z. ha-A©K so 
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[0 100] 7t14(SS^ TMG©M»t, 

0 5 0'C$-C±#?<*t!-£„ 1 0 5 O'CKftofc 
6. K*4#XK:TMG, 7>*i7W>. 7>*r-:/ 
©GaN<t 9ft 4HE)g©^f b«J*a?«: 2 5 2 w m©)g 

[oioi] mm<Dmt®m&fr2 5 £j&g«L x h 5 

h^M^IH 5 *tm, X bv-Cffflm (D3S|5©^Pgf5) 
3»im©SiO 1 J:i3ft5i2©ffIil2*0. 5m 
m©B/rcj&!SU R I E^gJciO*^©^ 

<bi3Nyg<*2 5©ii"fi3i-cx 7 ?->yLriHa*0fiS-r 

^ C 4 tc J: 0 ®Jg©^fb^^f* 2 5 ©EJSPffliJM^a 
ft*J. X h^-f :/;£|6]t*. 07CC^-T<fc^tC v 

tfy^ffi^ftbrSitft^rff^T-s. c©«fc5tc 
^y^MKSfift^farjSgst*^. sfry^ffiK: 
fiiS%^(6]^{b^¥»f*©Mf4^[6)(cStLr^f^(6i 
4 #5. 

[0102] if^©g{bW£&#2 5 K. waznmo 
tc&. wa*BfcutcmmcD^kV!)¥m#2 5 ©awe 

X^*ggKJ:D&^W4*iaSU CF.iO,* 
XtcJrO. DflCi*^tSU/cC4K:J:0^Sn/cm2© 
S{b«J*^i*2 2©iagpfli|M©««Jg«:x v i/icj: 

icm2<Dum!mi2&Bm-?z. 
[o i o 3} m2<Dmmmi2&&ffik, mocvd© 

SJSSSrttC-fe y H, U&Z 1 0 5 0 'CC. H^f^X 
(CTMGv T>*-T. i^7>t}7^ Cp.Mg^ffl 

fiSS4l3)B#{CS i 4Mg©^*E!gj*5 X 1 0 17 /cm 
3 F-^UfcGaN£9fc&ffl2©m^¥ji?#2 2* 
MOCVD?IISK:J;») 1 5 Mm©Jgjrej&g {1 

m2<Dmt i mmmw2 2<D&mMm*. 2u^/n 
ia4Lrtf-3fc„ 

[0104] f#6*l/c^2©^b!gj*^2 2 ©^ffi* 
CL (#V-F*S*»*>X) K«k»?ll^-r-5 4 > «g 

2 2©ii(cb, m2ommmi2(D^bv-(7-^t 

«. «©« 4 ^ 4 IEfi©B 6 ft ft I >a$# 4 £ tB*f Jt 

[0105] (03 ©XS) 'X(C. 02©^{bt)¥*<* 
2 2i(C, T> K-^©GaN*e.^5S3©MW 
^2 3*HVPE»g«:J:f3 1 0 0/im©iff«g 
51* ^„ (MU. 03©^{b^^2 3©(agjIJgtt, 

[0106] (^4©xs) *«c. mavmimtmi* 

234fi£g»(C, 1f7r ^TS«2 l*>e»02©^b^ 

*«i*2 2 *x-zw&itj;r>f0:4 k i / xm3<Dmt®imm 

#23<Dfrt-?Z>. 03©^b!gJ^f*2 3©(**ffifc 
«. S2©Kt»*ift2 3©*IKb>-f jtPiC^Ut 
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[0107] (mb(Dxm) wuc % m3<omm^m» 

afk«f»#2 4*, HVPEglW^ 2 5 0/zm 
©«J»r«fiS*4. »6tifc»3©»b»**»2 3 
&ft40ftfltt¥Vtt2 4*6&SfltfM¥**Sfi 
[02(b)] <DSI®fc:te, tor^ttlEffi*««t3fift-«: 

[0108] (HI CDXH) ±E©» 3 <Z)ft{k#Hf3M* 
2 3<t^4©S{t^»»2 4^6nc4S^t^«*S 10 
*1±CC, ^3(Z)^{b^^i*2 3cD^iM<Z)Xh^w r 

Wsi»0M(|]S«R:»LtW*ft(c, SB 1 <DfiSHM 
1 l«r^4<DS{t^«tt2 4<DRESffiCC, JJB»2© 
XHrB/& L/ccfc 9 cc . Raa«0AK€cj|l 2 cd^SM l 

2&eatsft:®&Httec> rawest osjiwc^ i <d 

l©a^t«f*»i*2*MOCVDSatri 5 jumORJV 

(b) ] ra. cfibm2&A,£j&6tvr, Xtt^snna*^ 
coio9] [mkfi4] «t(chi (c) (omm&m 
(»2<oxe) a«s«i iur. 2-y>^<*> v cs£ 

iltO, *'J77ltAIit8t7T-f7iRl* 

SCBSSrttc-fe^ h u sa*5 1 o°ckgt, 

h n-A<7)jgJir/&g£tf & 0 
[0 110] ^•^rl^Sa, TMGCD^jh^r, 
H£*l OSO'CSr.LSStti. 1 0 5 0°CCC&-?/c 

[0111] «||OWb«¥«»2 5 £j£ftfft> X b 7 

2^m©S iO,£g&S»2©«8HKl 1 *0. 5m 
mOBWrjI&SfcU *?H>T. R I E^gCCcfcOi^^r «Y 

rs« l #aUt > «CrKK(DSi{ltt4^2 5 £x 9 
y it DaaiJBJsJfr & c ± «c j: o iiii®afb*MiMi 

Cc*20«BMl 2*jfc«T*. P3lMMlBa)«dttaiZ 
9*c, *y ^ Offices* trsiStt^rfto, Sfbft* 

[0112] H2(0«S18 1 2 SfSSSrt^C 50 



2000-277437 
32 

t»hL, *&K£1 0 5 0°C*t\ jgOfttfXKTMG, T 
>^-T, is3>*fX^ Cp,Mfir*flH\ Jffi£&l^l& 
CCS i iMgOT^5 x l O^/cm 3 K-^l/fcG 
aNJ:0tt4»2<omb**«f*2 2*. MOCVDJS 
Wcj:»K 1 5 tfm©IWrcj*fiS1i*. S2««5 
*^i*2 2 <DiifcfijgSK> 2 m m/B$ffflr&£ 0 
[0113] (W3<DTM) 2ttcn2<DSUt&m»2 
2±(C, T>F-^©GaN^6ftS*3 0fift!»*3|| 
»2 3^ HVPE^aCCckO, 1 5 0/xm(DMJ?CC^ 

[0 114] (S4©I1) *3(DtflM¥IW2 3t 

T*Kft*U m3CD^{b^^i*2 3<D^<bT€>«, IS3 
<D«{b«J*a«t 2 3 ©gfcSEK to-r»ttlEI9:«W 2 

[0 115] <»5©XS) »3©a{fc»*»»2 3© 
J535fiffi±K\ T>K-:/©GaN;^6fr£J?r4C^b$} 
*«»2 4^ HVPEMKCfcfK 20 0 Mm<DMJl 
jD£fi»ft». 5 0am/Wt*S fl « 
±<DXm*m& C<hCC<fc*3 x H 3 ©SMfc*&*aI«* 2 3 £ 

[02 (c) ] *»4t±**css. fien/ciftw 
i (ommtcte i x i o 7 f!/ c m 2 necDfe^ 

[0116] (01 (DIM) -XtC, ±fS<Dfif 3<D^fb1& 
^z£{*2 3 iS40^t»Sft2 4^e>^^t»¥ 

l ©*ffi(c, Xh7^ y'tKoy ^hvx 
«SU *^**«»«:J:9* b^J^mi 5 /urn, Xh 
^-f:/|HIPB (DflgPOggpgROiHw) 2MmCDS i 0 2 i 
O^^KDffiSfil 1£0. 5 vm<DmmTBmL. 
m^X, R I E««CCJ:OIHaf»JB<DlBd3&SKJaf2Mm 

mi<Dmmmi KD^b^^y^mt. m2<oummi 

SS 1 ©3«*4M*to6lftcD9 feBI— ©M*fc&|ftCC»b 

[0117] ±IBCDJ; ^tcoaJ±gj5(D^Cc0 1 <Z)«S^ 
HW«im m©S<btt¥*tt2*. 3 0 Mm 

<o^ii"cfiss^#€> 0 m i <omm^m{^2 omrnvm 

rt^^ ^Wfc|gffi^^cciBi«sn/c^b«j*3» 

(c) ] t»sci#r»4. 

[0 118] [HtfeM5] «TCC 0 1 (d) Cc^^ti 

(02<DX@^6m5CDXfi«0 2 (d) -05^# 
M) 

(Jfl2(DXfi) SSSS2 1 iOT, 2-Y>^0, CM 
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1 45j£sggSl*3CC-te hb. jag45 1 OTICCLT. * 
t';7^K*S, ^*4^X«:r>*-T<kTMG ( h 

y^f^i/^y^A) <b4fflt>. if7T^rS«2 i±(c 
o o *>#z v P-ACDjgji-cjsss-e-s. 

[0 119] -»<?7TJB*fi£B8L TMGCMftt, 
SK41 0 5 O'Cg-CtifS-eS., 1 0 5 O'Cttft-^/t 

S i * 1 x 1 0 1, /cm ! K-^O/cGaNiO^C^ 

mm<Dmtm*m&m 2 5 * 2 u m<omm-cm& 3 # 10 
[0120] nm>mm^mwm2 5 4J&B&. * h 

^-C^tK<Dy* hvx^ffi^L. X'-ivdngmicj:?) 
Xhv-t-fm (figP©±g|HcfcSg&) 5 Mm. 7.^=7 A 

SftfcS i 0,184^(81/. J»C»r. R I EggKiO 

s i o,)ScwgfijE3nri^c>»»<D»ffi(D^tia^ 

&m 2 5 4WR©Sifc«PNW*2 5 *5S51StCi«* 

CC»g©g{b^¥ag#2 5 4Rta<* B3£i4«Jj?£b 20 

QgP±SP©S i 0,*l*£-r&C&CC<S:»)*2<!> 
D!1014*^-rS„ ftfc. 0 2 ©GOO 1 4 ©X 

[0121] »ck, stesgfjK* y h L/. as4 1 0 
seer, is^ktmg, r>^e-r. ~>-7>#x 

4fflt>. T>F-^©GaNJ:«3***2©m^i» 
WI224. MOCVD8SKJ:*), 15jim©ifT 
jaSStJS. 2 i im/Wt*i„ 
[0122] (03 <DTM) ±&02©&fb«j¥aW*2 30 
2±«:. T> K~:/<DGaNrt>6&£gS3CD^b^2i 
#2 34. HVPEggfCfci), 1 0 0 um<Dmm-efc 

[0123] m*<DJM) m3omm*m*2 3* 
j&g&cc. 7 ATW&ifrhm2<Dmm=m&itL 

mi*©^3(D^t^SS<*2 3<fr*. 
[0 124] (I5(DI1) 04©IH^e>*l/c03 
oy&lVfo^mW 2 3 ©j£Bffi±CC . T > K - 7*© G a N 
fr6fr-504©^bt53Og{*2 4*. HVPE&gtCj; 
0. 2 0 0 <tm©l)lt?fiSg3^5. J&gilS&t. 5 0 40 

[0125] ±fa©lfl«:ig^ C i CC J: D . 03 ©g{b 

®¥*gf* 2 3 & ^ 4 (omvmmw 2 4 *> & & sotm 

4«SCC«. 5 x l 0"<i/ cm'iS«i!i 5 I6ti 
fc„ 03©^fc^»(*2 3©^*ffi(C«gfi[© 

#me>*ifci,>as. ciSi5±8i5^6fiXSL/caj^tc« i x i 

0'1/cm' ffffi©«{4#sSfl2 ©BflO 1 3 ©X h 5 7* 
^IfiJSCWCC^LTt**. 50 
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[0126] (01 <D1M) 01(c) ©S&4 

Jfcg;*-^., ±§E©03©gfb!|3N£ig#2 3<!;04©g 

{b^¥3¥(* 2 4&e>tj; zmtw&mfcm®. 1 ±tc . ±ib 

*2©XS-C^L//cm2©Diieil 4£I5M$«:. 01© 

eicii 3&&m? z. fiu 01 ©cam 3©xf^ 

^|Sl«. 02 ©MCi 1 4 ©X h 5 ■< ^(Sj iftfi & 
•Si^fc. ±IB03©MbigJ*«#2 3©^*M(C^ 
LTt,>* x h ^ A ■JftomtiLt W<t * J: 5 tcf^-T 
-SCit?. ^b«)*^©M!p4*|6lK:«L/rW^I<!: 
C©01©Kieil 3 4WrS±(CT> F-^©G 
aN*>6&S01©gfbl35¥3&#:2 4 2 0 umCDMJlT 

(&B3-t±*. ^nfcgfb^sgftsig i tm 1 ©n<b 
j&g u /c gB#tt « *5 *> -r #> tc n e> ti *> mm. v $> *> . 

*/cS««^W^©|t)5±3tiSSa©)S<¥'&WO-r(,> 

[0127] [mmwei mm&i5icts^x. ssoi 

S-C04 V>mVto¥-mfc2 44300m m©MJl-Cfi£g 
31*. -?-©^03©^b^^<*2 3 4WSOr^ 
b . «« 2 5 0m m©MI¥©0 4 <om Wl^^m 244 

0 1 <D^mx-m*hnzmvmm»msL 1 ««« 

[0128] «T«C. ±SS^9i©^biBs^aHt©R6S 
^ffiCCj:»)»e.tift:*«^©SS*fflC»r«c4 s #1691 

©S< b^a^S^©-SI*6©».«r * s^fb^^^ 
[H^WI7 ] SliSBai l (cj: O»6<T,fc03©^b^#^ 

#2 3*>6&sMb<©3O£f*©g«±fc0 1 vmm* 

^24SSSS#-C%^S«J;^. «T©^WX«3g 

[0 12 9] (r>H-^nl3>$i»H) 
ttiS^hTUfeO] ^b^*«#©S«±fC. 1 0 5 
0'C-C|l*K/XKTMA ( H)^^;l/T^5-^A) . 
TMG, 7>*-7^4»>T> K-^©A 1 ,.,,G 
a,.„NJ:"3«;5nl3>$# hM41 (im©K»tgi 

(nM=i>i'd'h®7 2) P«©SKr. JD^^ 

XtCTMA. TMGSy7>t-7)!/X4fflU, 
^Ki/5>^ (SiH,)*ffll>. Si 43X10 
"/cm 5 K-^L/cA 1 ....Gao.^NiDftSnS 
3>^i' h@7 243 »m<Dmmvi&&$1±2>. 

[0 13 0] (^7-yi>fJ}±M7 3) ^(C. Sflg48 0 
0*C«1L-C. ISiH-^fCTMG. TMI (V V ■< 
>S^A) R0 t T>*-T4ffll-\ ^iK^XK:->7> 
^4fflC>. S i 45 x 1 0"/cm J K-^L/t I n 
,.„Ga 1 ., I N<l:>)Ml'77 ^B*ihJI7 3 40. 1 5 
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[0 13 1] (nl^7^ FJ17 4) Sfi* 1 0 

5 0*CtCUT, JBOPM/^CCTMA* TMGM7>*^ 
7£fflt\ 7>F-^Al 0 . 14 Ga 0 8S NJ:O^SA 

TMA£±tf>. ^^x<hur^^>^/x^flac^ S 
i*5x 1 O^/cm 3 K-^l/cGaNiO^^BI 
£2 5tf>^;* hu~ACD^r!&gSii:& 0 ^Lt, 

nu Mmm8ooo*>tfxhn-&<D&mm oats 10 

[0 132] (nI^F17 5)^ mWOWB. 

^©GaNJ:044nS^FB75tO. 07 5/xm 

[0 13 3] (r£tt^7 6);xcc % Sjg£8 0 0°CK:L 
X % mft^TML TMGS^7>^^7I:»\ 
^«#*<fcLT^>#X*fflC\ Sit5xl0" 
/cm a F-:/LfcI n.. ei Ga 0 .„N<fc«3fc£»SJg 
*1 0 0*>M Fa-AOKirrjSgStt-S. 20 
^5>#X*±#>, 7>F-^In 0 .uGa 0 ., s 

L/c*gM/15 50t>^FP- A(O^H^#pfS 
(MQW) <DJSH4JI7 6*fiM3*t«. 
[0134] (pffi«?« 7 7) ;*oc, 

tm», Mg^lxiO l, /cm 3 F 
-^LtcA l..*Ga...NJ:0ttipffl«T-HC;a8C>» 30 
7 7*1 0 0*>y* hP-A©BWrj|Efi3-&S B 
[0 13 5] (pfi#^FJB7 8)^CK: % ««*10 5 

o-cccur, M^x^cTMGRcfr^^r^ffli^ 

7>F-7 , ©GaN<fcD^^pM^F17 8^0. O 

T>F-:/ <tbTJ5K;Bi*1*£#, pSWFBflCi&g) 
A 7 73^6©Mg(DS£»ecj:0, MgiSS^Sx l 0 16 
Am'tftO p^in-To 
[0 136] (pS^7-; FJB7 9) 2«C. IQKOUR 
T % IS^tf^cTMA, TMGM7>*^74ffll\ 40 
T> K-^ODA l 0 .,Ga 0 . 9 Ncfc9&&AJI£2 5tf> 

Wft^iltCpjMgm Mgr*5xi 
O u /cni J F-:/L>/£GaNJ:*)ft£BJg*2 5*> 

*ti*til OOHmOigOrAWiBIKDSIBU. ttSI 
H5 0 0 0^>^ha-A^Bi (flfrHIHft) <fc 
06SpS^7? FJ17 9*flSfi3«&*. 
[0137] <pffln>**FJB8 0) Jfcfc, PJt&Dia 

arc, Mf4^ccTMGSa f r>*^r*fflt^ :W6^ so 
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#X£LTCp 2 Mgr£ffll^ Mg^l xi 0 ,( /cm J 
K-^/cGaN<fc0^^pS3>^^M8 0^1 5 

[0138] RJt»7«, Kf&SSrtCCte^T, 
*g*#H£l*, 7 0 0W7i-'J>y*ff^ p£> 

S i O, <fcD«c*«8W*»«tUr, R I E <Rj£tt-r 
t>x^>^) £ffll>S i C 1 «#xccj:0x 

Ym2<Dmm*m\bz&&. xccbi o (a) cc 

^Tcfc^K:, S±H<Dp«J=J>^^ HS8 0CD««£ffi 
CC % PVD3£gK<fcO. SiUftHKiiUt, SiO 
,) <fcDftSfill©«HBI6 1*0. 5Mm©JR»r» 

mute®, mi<D&mm6 \ <o±.tmimjtm<Dvx>? 

**>W % 7* hUS** h<fc9&&&3<DftfflK8 3*, 
^h^-f^ll. 8 /xm, l timrc&WOr*. * 

CC, 010 (b) «C*T<fc5CC#3©«ttK6 3«j« 

a. rie (s*Btt-/*>x^^>y> mmtc**), c 

F 4 #**JBi,\ ^3C7^g^6 3^7^^<Llt, m 

*&*■*-* C<fcK:<fc*K 010 (c) icjjkir J:5K:pW 
h«8 0©±(tX F^:/ffil . 8amCDl£l 

[0 13 9] 3 010 (d) ^"Tcfc^CC, * F 
9 -f ^R<0» 1 <D<£KK 6 1 BSR I E IC* 0 

SiCl 4 ^^T k pfflfj=i>^^ HB1 0, 
Cfp||^7?Fi89*x?^>m, ^F7>f^i 
1. 8umCD'; vV>%m<DX h 5 4 m 
U V yZsJ&tR<DXbU7\Z % 09&C*rrj:5CC, E 
LOGlS«*fT5IBfc«J«Lfc»l©fi!B«l io±sc 

thosi 1 commm 1 1 <D#^as#*s# £ j: 9 Kj&ja 

3*l£ 0 U-r^h7^ME «)*-A*PVDii 
WcSESU 010 <e) ccs*-rj:5ec, ZrBMb» 
(iiltZ rO,) £9tt&#2<DftBH6 2*. 9 
lo«SJ^6lcD±i, x**>^fcj;OfflHHSttfcp 
fSi^^y FB7 9<D±iC0. 5 MmCDMi¥ra^or0 

<Dl6«ft<5:4yt«><b. «*-F<D£S*B*C<fc**CS 

W£Li>o #tfc % ■jx-'vfc? ?HKcsaii/ % 010 
(f ) cc^r<£5K:, ®1CD«S06 l*y^F*7ft 

[0 140] ^CCCHIO (») tC5VTJ:5K:, pfflijn> 
hH8 0O±(D»lCD«SJK6 l#(fc*SftTBW 
U/c-ecDpfflflr3>^^ h@CD^ffi(CN i/AucfcO^C^ 
P*«2 0*»SW*. ffllplg20«l 00ym(D 

«e2©±«c«oT#j«-r*. ^2<D»aae6 20^ 
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2 7 7 437 



titbtcv ^-^Sr. xh?^ 7*tfc©m@«csii:&;£ft 

r. gffiWW>6^-tt«:!tPiJu itiiffi (l l-oo 
S^ffS^*,, ^Ji&ffifCS iO.iTi O, 

n/cu-ififi^&fc:-- i-i^^tctgigu ^*i-eft©si 10 

*fc. ^©fCtet,vrO*<<>*i2. 5kA/c 

[0 14 2] [^66CT8] *ffi^97{cfel^r. 

»*<DiSii,t, **swi2~*ttP>i6CD*is*-en-e 

[0 14 3] 

aiaiKa<^£!i£&©&^^*WbT:te»]. m&®& 

<Dmm&<Dft±i>mwi-c% -s «c 5 &g{b<Bj¥JS##>p.ft 
ss&©f#6ft*g^¥ig#©)&g:^£is«-r£c 



[@1]@1«, $l6M©f/UXiM»ffitSfcJ!) 

[0 2 ] 0 2 «, *&w<om 1 ©le^g^^i* 

fflRi * SMfb!8j¥i!?f**j£g $ itZ>xm<D-mm<DM 

[H 3 ] h 3 1 onwcomtm^mw 

[04 ] §4«, *mn<om 1 ©ifir©^b«j*«<* 

[05] i5B. 1 ©XffCO^b^^Sf* 

[06]06tt:, V?r>(T<DWl5\£L*?rr?3-=-y\- : b 
[07] 0 7te. SS®©X YvJzflSfoZWm-tZtc 

[08] 08te. j-yT^^iffrbtcmmmmoisiift&tj: 

[09] 09«, *mm-mM<w&m?c &z>mtw* 

[0 1 0 ] 0 1 0 «. y ? ^tt©x h^-f ^=&^eR-r 
£-Jl*fe©ff?!i§-e& S7^a©SXH«:fcW s ^x^©gp 

^wa»j**^-r«5S;e<j»fffi0f* 

[f3F^©i&Bjn 
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